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Description 

roOOIl This invention relates to spherical particles of rare earthK^ontainlng con,pound useful for thermal spraying 
Tiramte rmetal. to their preparation, to their use in therrr,al spraying and to sprayed articles. 



BACKGROUND 



^is^r ThfpSertils ^h^^^^^ torn,ed depend on the spraying cond«ions as well as the propert.es of 

fooT tr"i ianX o nS^^»^^^^ b. «^£y .pra,^. wl.ho.. »us, generation ,o l«™ --^ 

com^^unds are used for therm'al spraying, because of their high rr^elting point, they should preferably have a smaller 
^OOlT « ^P-V d^^g granu.ator. however. . is difficult to 

Svely a fT^^^^^^^ partlc Jhaving a small average parttele size. Inevitab^. particles havmg a relafve^ 
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large average particle size are concomitantly produced. Such particles with a large average particle size have a large 
weight and are not completely melted when fed into the plasma flame so that they are incorporated in the sprayed 
coating as unmelted particles, which become one cause of incurring in-egularities in the coating. 
[0014] One approach for overcoming the above-mentioned problems is to reduce the particle size of the starting 

5 material for eventually holding down coating surface irregularities. This approach is undesirably accompanied by gen- 
eration of fines, a degradation of flow and a difficulty of precise metering. As a result, surface in^egularities develop 
and the coating becomes less dense. Furthemriore. the fines which stick to particle surfaces without being granulated 
are not introduced into the plasma flame during the spraying step and are thus kept unmelted so that they are incor- 
porated in or stick to the sprayed coating. 

10 The general aim here is to provide new and useful rare earth-containing particles suitable forthermal spraying. Methods 
for their preparation, thenmal spraying methods and spray-coated articles are further aspects. 
[001 5] One preferred aim is to provide themnal spray spherical particles which have a suffteient breaking strength to 
remain uncollapsed in the flame or plasma during spraying. 

[0016] A second prefen-ed aim is to provide themnal spray, high purity particles of rare earth-containing compound 
15 which can be themially sprayed to fonn a smooth, dense coating despite the high melting point of the rare earth- 
containing compound, and without generation of fines. 

[0017] A third preferred aim is to provide a smooth sprayed component having the particles spray coated on a sub- 
strate surface without concomitant sticking of fines. 

[0018] In a first embodiment, the invention provides spherical particles for themnal spraying, consisting essentially 
20 of a rare earth(inclusive of yttnum)-containing compound and having a breaking strength of at least 10 MPa and an 
average particle diameter of 10 to 80 pin. Most often, the rare earth-containing compound is a rare earth oxide, and 
more preferably the rare earth oxide is yttrium oxide or ytterbium oxide. 

[001 9] Thermal spraying spherical particles consisting essentially of a rare earth(inclusive of yttrium)-containing com- 
pound having a breaking strength of at least 10 MPa and an average particle diameter of 10 to 80 jim are prepared 
25 by granulating rare earth (inclusive of yttnum)-containing compound (especially rare earth oxide) fines having a Fisher 
diameter of up to 0.6 \vm into granules. 

[0020] The themial spray particles of rare earth-containing compound having a specific breaking strength and aver- 
age particle diameter according to the first embodiment of the present invention do not collapse In the spraying flame 
or plasma and thus form a coating in whfch no unmelted fragments are incorporated or to which surface no unmelted 
30 fragments stick. Especially, by processing a starting oxide powder under predetermined conditions, thermal spray 
particles having the desired physical properties are produced. 

[0021] In a second embodiment, the invention provides spherical particles for thennal spraying, consisting essentially 
of a rare earth-containing compound and having a bulk density of at least 1 .0 g/cm^. an aspect ratio of up to 2, and a 
cumulative volume of pores with a radius of up to 1 jim which is less than 0.5 cm^/g. 

35 [0022] The spherical particles have a particle size distribution in which a particle diameter D90. D50 and D1 0 corre- 
sponds to 90 vol%, 50 vol% and 1 0 vol% accumulation, respectively. Preferably D90 is up to 100 \im and the ratio of 
D50 to a Fisher diameter is up to 5. Also preferably, D1 0 is at least 5 \im, and a dispersion index is up to 0.6. 
[0023] In af urther embodiment, the invention provides a thennally sprayed component comprising a substrate having 
a surface and a coating of the rare earth-containing compound particles themnally sprayed to the substrate surface. 

40 [0024] In the thennal spray particles of rare earth-containing compound according to the second embodiment of the 
present invention, their bulk density, cumulative pore volume and aspect ratio are controlled to the predetemnined 
ranges, their shape is made spherical, and optionally, their particle size distribution is controlled to be sharp. Then the 
particles generate few or no fines, remain free flowing, have a high density and high strength, and completely melt 
upon thennal spraying rather than collapsing. A coating obtained by themialty spraying the particles has the advantages 

45 of no dust deposition, smoothness, high purity, Improved bond, and corrosion resistance, as compared with prior art 
sprayed coatings. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
50 First embodiment 

[0025] In the first embodiment of the invention, spherical particles tor thermal spraying are fomned of a rare earth 
(inclusive of yttrium)-containing compound and have a breaking strength of at least 10 MPa and an average particle 
diameter of 10 to 80 ^un. 

55 [0026] As used herein, the "breaking strength" St is detemnlned from the following equation using as parameters a 
particle diameter (d in mm) and a compression load (P) measured by a micro -compression testing instrument Model 
MCTM-500 (by Shimadzu Corp.). 



3 
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St = 2.8P/nd^ 



15 



SO 



25 



30 



100271 As used herein, the "average particle diameter- is a diameter D50 corresponding to 50% by volume accumu- 
5 lation In a particle size distribution as measured by a laser diffraction analyzer. Fisher diameter is as measured by a 
Fisher subsleve sizer. ^ . _ 

100281 As used herein, the tenn "rare earth" encompasses rare earth elements of Group 3A in the Periodic Table 
inclusive of yttrium (Y). that is. preferably Y. Eu. Gd. Tb. Dy. Ho. Er. Tm. Yb. Lu, etc. The themnal spray sphencal 
particles of the invention are formed of a rare earth-containing compound selected from the compounds of rare earth 
10 elements of Group 3A inclusive of yttrium (Y). The "rare earth-containing compound" includes oxides, halides (fluondes. 
oxyfluorides chlorides, etc.) and other compounds which contain rare earth elements. Especially, rare earth oxides 
are preferred Of these oxides, yttrium oxide and yttert)ium oxide are more preferred. It is understood that compound 
oxides of the rare earth combined with at least one metal selected from Al. Si. Zr. In, etc. are also useful for the inventive 

r0029r If the breaking strength St of themial spray spherical particles Is less than 1 0 MPa, the particles will collapse 
into fines in the flame or plasma during the spraying step. The upper limit of brealting strength is. though not cntical. 
usually up to 300 MPa. 

[0030] If the average particle diameter of thenmal spray spherical particles is less than 1 0 nm, some particles may 
qasify during the spraying step, resulting in a reduced yield. If the average particle diameter is more than 80 ^m, some 
particles may remain unmelted during the spraying step. The preferred average particle diameter Is from 1 0 to 60 jim. 
[00311 Of the thermal spraying spherical particles, the spherical particles of rare earth-containing compound are 
prepared by granulating rare earth-containing compound fines having a Fisher diameter of up to 0.6 jim into granules, 
and firing the granules at a temperature of 1 .200 to 1 .BOCC. 

[00321 If the Fisher diameter of rare earth-containing compound fines is more than 0.6 jim, the sintenng of granules 
in the firing step is retarded, failing to produce spherical particles with a satisfactory brealcing strength. With an im- 
provement in breal<lng strength taken into account, the preferred Fisher diameter is 0.4 nm or less. 
[00331 For granulation, any well-known technique may be employed. For example, granulation is camed out using 
a sluriy of fines having a Fisher diameter of up to 0.6 pm in a suitable solvent. The solvent used to form the slurry is 
not critical and may be selected from alcohols such as Isopropanol. water and other solvents. 
[0034] The resulting granules may have an appropriate size, and preferably an average particle diameter of 10 to 
80 um especially 1 0 to 60 jim because particles suited for theimal spraying are obtainable therefrom at the end of ftnng. 
[00351* According to the inventive method, the firing step is carried out in an atmosphere of air, an inert gas or vacuum, 
using an electric furnace or the like. The firing temperature is 1,200 to 1,800»C. more preferably 1.500 to 1.800»C 
when the rare earth oxide is used as the raw material. A firing temperature above the upper limit (1 .800-C) might cause 
35 substantial fusion Of particles, tailing to obtain spherical particles. , 
[00361 More specifically, the thennal spray spherical particles are prepared by the procedure to be described below. 
[00371 First a slurry is prepared by adding a solvent such as waterto a fine powder of rare earth-containing compound 
having a Fisher diameter of up to 0.6 jim. Granules are then formed from the slurry using a granulator such as a 
tumbling granulator (i.e.. rotary disk granulator), spray granulator, compression granulator orfluidized bed granulator. 
40 A granular powder having an average particle diameter of 1 0 to 80 tun Is obtained. 

[0038] By way of precaution for preventing the granules from being broken during collection or other operation, an 
organic material which will be burnt out in the firing step may be blended in the raw material oxide prior to granulation. 
Examples of the organic material Include polyvinyl alcohol (PVA), carboxymethyl cellulose (CMC), polyvinyl pyrrolidone 
(PVR) methyl cellulose (MC), hydroxypropyl cellulose (HPC). polyethylene glycol, phenolic resins, and epoxy resins. 
45 The amount of the organic material added is not critical as long as it gives rise to no problem in the firing step. Usually, 
the organic material is added in an amount of 0.1 to 5% by weight based on the rare earth-containing compound fine 

[OOstr In the granulation step by a granulator. more or less non-spherical granules form. Since such non-spherical 
granules can cause to reduce the flow of powder. It Is recommended to separate the granulated powder into non- 
50 spherical granules and spherical granules by means of a classifier, and to deliver only the spherical granule fraction 

to the firing step. . , ... . 

[00401 The thus granulated powder is placed in a refractoiy container and loaded in an electnc furnace or the like in 
which it is fired in an atmosphere of air. an inert gas or vacuum at a temperature of 1,200-1 .800»C for 5 mm to 10 hr. 
preferably 1 hr to 5 hr. „n,»w 
55 [0041 ] The firing step yields spherical particles which are ready for use In themnal spraying. In the particles as fired, 
however some fusion bonds between particles are usually found. If the particles in this partially fused state are exposed 
to high-temperature plasma, melting is insuff icient on the coarse particle side, resulting in less adhesion to the substrate. 
It is thus recommended to feed the particles as fired to a disintegrator, pulverizer or classifier (such as sieve), whereby 
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fused particles are separated into discrete monodisperse particles that are thermal spray spherical particles with an 
average particle diameter of 10 to 80 jim. 

[0042] The thermal spray spherical particles obtained by the above procedure have a sufficiently high breaking 
strength of at least 10 MPa to withstand rupture during the spraying step. Using the particles for thermal spraying, 
5 there is obtained a sprayed coating in a sound state that unmelted fines are not Incorporated In the coating or do not 
stick to the coating surface. 

Second embodiment 

10 [0043] In the second embodiment of the invention, spherical particles for thermal spraying are fonmed of a rare earth- 
containing compound and have a bulk density of at least 1 .0 g/cm3, an aspect ratio of up to 2, and a cumulative volume 
of pores with a radius of up to 1 jim which is less than 0.5 cm^/g. 

[0044] As used herein, the "rare earth-containing compound" includes oxides, halides (fluorides, oxyfluorides and 
chlorides, etc) and other compounds which contain rare earth elements. Of these, the oxides are preferred because 

15 they are susceptible to sintering. In the following description, reference is made to oxide although the same discussion 
applies to other rare earth-containing compounds. Where the particles are of oxides, they preferably have a breaking 
strength of from 10 MPa to 300 MPa as in the first embodiment. The rare earth-containing oxide is selected from the 
oxides of rare earth elements of Group 3A inclusive of yttrium (Y) as in the first embodiment. Use is preferably made 
of a heavy rare earth-contalning oxide that Is an oxide containing at least one rare earth element selected from Y, Eu, 

20 Gd, Tb, Dy, Ho, Er, Tm, Yb and Lu. It is understood that compound oxides of the rare earth-containing oxide combined 
with at least one metal selected from Al, Si, Zr, In, etc. are also useful. 

[0045] If the bulk density is less than 1 .0 g/cm^, particles are less dense and hence, rather weak, with a risk of 
collapsing upon spraying. The prefen-ed bulk density is 1 .2 to 5.0 g/cm^. 

[0046] If the cumulative pore volume Is 0.5 cm^/g or more, particles become more Irregular on their surface, that is, 
25 smooth particles are not obtainable. In order that particles maintain relatively good fluidity even when their particle 
diameter is reduced, the cumulative volume of pores with a radius of up to 1 jxm should be less than 0.5 cm^/g. Preferably 
the cumulative volume of pores with a radius of up to 1 \im is 0.3 cm^/g or less because the particles are better flowing. 
The pore radius and the cumulative pore volume can be measured by Mercury Pprosity-metry. 
[0047] The thermal spray particles of rare earth-containing compound according to the Invention are spherical in 
30 shape. Namely, the particles have an aspect ratio of up to 2. As used herein, the "aspect ratio" is defined as the ratio 
of major diameter to minor diameter of a particle, that is an index indicating whether the particle shape is approximate 
to sphere. An aspect ratio of more than 2 indicates that particles have an irregular, needle, flaky or other shape dissimilar 
from sphere, leading to disturtDed flow. The lower limit of the aspect ratio is, though not critical, preferably close to 1 . 
The term "spherical" as used herein means the shape of particles having an aspect ratio of up to 2 and thus embraces 
35 true spherical to generally spherical shapes. 

[0048] In the second embodiment of the invention, the particles have a particle size distribution In which a particle 
diameter D90, D50 and D10 corresponds to 90 vol7o, 50 vol% and 10 vol7o accumulation, respectively. In a preferred 
embodiment, D90 is up to 50 \xxn and the ratio of D50 to a Fisher diameter is up to 5. 

[0049] If the particle diameter D90 exceeds 100 jim, there Is a risk that particles are not completely melted in the 

40 plasma flame and thus fomri non-fused particles, and inregularitles occur on the coating surface. 

[0050] If the ratio of D50/Fisher diameter exceeds 5, there are contained more fractions of coarse particles and fines, 
which preclude precise feed at a constant rate. If the ratio of DSO/Fisher diameter is up to 5, preferably between 1 and 
3, the powder is judged to contain less fractions of coarse particles and fines. As pores open at particle surfaces 
become smaller, the ratio of D50/Flsher diameter becomes smaller, which enables constant feed. Even when the 

45 particle diameter is further reduced, precise feed at a constant rate Is possible. As a consequence, using the thermal 
spray particles in this preferred embodiment, a smooth, dense sprayed coating can be fonmed. 
[0051] As previously defined. Fisher diameter is as measured bya Fishersubsievesizer. More specifically, the Fisher 
diameter is cateulated from a difference in gas pressure across a powder bed through which gas passes, and thus 
dependent on the average particle diameter and particle size distribution of the powder and the surface state of particles. 

50 Then, in the case of a large average particle diameter, a sharp particle size distribution and/or a smooth particle surface, 
the Fisher diameter is calculated to be relatively large. Accordingly, when the ratio of DSO/Fisher diameter is calculated, 
a lower ratio suggests a sharper parttele size distribution or a smoother particle surface. Particularty, at the same particle 
size distribution, particles with a lower DSO/Fisher diameter ratio are judged to have a smoother surface. 
[0052] In a further pretended embodiment, 01 0 is at least 5 >tm, and the particles having a dispersion index of up to 

55 0.6. This setting leads to suppressed generation of fines, a sharp parttele size distribution, and Improved particle flow, 
and precludes clogging of a nozzle through which the powder is fed. It Is noted that the dispersion Index is defined as: 



BNSDOCID: <EP 1239055A?.I^ 



5 



EP 1 239 055 A2 



Dispersion Index = (D90-D10y(D90+D10). 
The particles are further improved in flow when they are controlled so as to have a dispersion index of 0.1 to 0.5 and 

..ming lormetlon of r'S^'^i .„ ™™ ds„» =. .Ingle e„a.l grain. .^onstMIng 

^05^ ''"t?.': t^J^^mXay particles of rare earth-containing oxide are prepared, for exan^p.e. by the procedure to be 
fo^sT fST slurry is prepaid by adding fines of rare earth-containing compound, especial^ rare earth-conta'ning 

too thick and has a risic that delamlnation occurs within ,t. up to 40 urn. A surface 
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a larger plasma contact area which may degrade corrosion resistance and allow fines to generate with the progress 
of con-osion. Namely, a coating having a surface roughness of up to 60 \in\ ensures good corrosion resistance and 
minimizes the sticking of fines to the coating surface. It is then effective for precluding con^osion even in a corrosive 
gas atmosphere as typified by halide gas plasma. Then the sprayed component is advantageously used as a corrosion 
5 resistant component. Since the spray particles of rare earth-containing compound are used, the sprayed component 
is minimized in dusting as demonstrated by a population of sticking non-fused particles on the coating surface being 
up to 10 partlcles/100 ixm^. 

[0065] The spray coated component of the invention is obtainable by plasma or vacuum spraying the rare earth- 
containing compound particles to the substrate surface to form a coating thereon. The plasma gas used herein is 

10 usually selectedf rom nitrogen/hydrogen, argon/hydrogen, argon/helium and argon/nitrogen, though not limited thereto. 
The spraying conditions are not critical and may be detemiined as appropriate in accordance with the type of substrate 
and rare earth-containing compound particles used and the desired application of the spray coated component. 
[0066] In the spray coated component, the coating should preferably have a limited content of iron group elements, 
alkali metal elements and alkaline earth metal elements which Is each up to 5 ppm, calculated as oxWe. This level Is 

15 accomplished using spray particles of rare earth-containing compound having a limited metal element content of up 
to 5 ppm as described above. Differently stated, when coating is fomied using spray particles of rare earth -containing 
compound having iron group elements, alkali metal elements and alkaline earth metal elements introduced each at a 
content of more than 5 ppm, the iron group elements, alkali metal elements and alkaline earth metal elements are 
incorporated In the coating In the same content as in the starting spray particles, which might exert detrimental effects 

20 on wafers when the spray coated component is used in semiconductor equipment. 

[0067] As mentioned above, the sprayed component of the invention bears a smooth, dense coating having a surface 
roughness of up to 60 ^im and a high purity as demonstrated by a limited content of iron group elements, alkali metal 
elements and alkaline earth metal elements which is each 5 ppm or less, calculated as oxide. Then the sprayed com- 
ponent can be used in equipment where a high purity Is crucial, because the sprayed component generates less fines 

25 or dust during plasma etching so that the introduction of impurities into wafers being processed is minimized. More 
specifically, the sprayed component is best suited for use in liquid crystal manufacturing equipment and semiconductor 
manufacturing equipment, to name a few. 

[0068] The method of making the particles is an independent aspect of the invention: claim 10 relates to this and 
may be applied with any relevant method or particle feature disclosed herein. Likewise for a 

30 

EXAMPLE 

' [0069] Examples of the invention are given below by way of illustration and not by way of limitation. 
35 Example 1 

[0070] 10 g of methyl cellulose was added to 5 kg of yttrium oxide having a Fisher diameter of 0.45 |xm, to which 
deionized water was added to give an approximately 40 wt% aqueous slurry. The aqueous slurry was sprayed by a 
spray dryer, fomriing granules having an average particle diameter of about 50 jim. 
40 [0071] The granule powder was fired in an electric furnace having an air atmosphere at 1 ,600**C for 2 hours and 
cooled. The thus obtained powder was passed through a sieve with an opening of 150 fim, obtaining a themna! spray 
powder of spherical particles having an average particle diameter of 50 ^im. The particles had a breaking strength of 
about 13 MPa, when measured using a planar indenter at a testing load of 980 mN and a load applying rate of about 
41 .5 mN/sec. 

45 

Example 2 

[0072] Thermal spray spherical particles having an average particle diameter of 50 p.m were prepared as in Example 
1 except that yttrium oxide having a Fisher diameter of 0.28 urn was used. The particles were measured to have a 
50 breaking strength of about 1 60 MPa. 

Example 3 

[0073] Thermal spray spherical particles having an average parttele diameter of 49 pjn were prepared as in Example 
55 1 except that yttrium oxide having a Fisher diameter of 0.35 ^im was used. The particles were measured to have a 
breaking strength of about 130 MPa. 
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Example 4 

[0074] Thermal spray spherical particles having an average particle diameter of 50 fim were prepared as In Example 
1 except that ytterbium oxide having a Fisher diameter of 0.28 pin was used. The particles were measured to have a 
breaking strength of about 160 MPa. 

Example 5 

[0075] Thermal spray spherical particles having an average particle diameter of 50 were prepared as in Example 
1 except that ytterbium oxide having a Fisher diameter of 0.30 jtm was used. The particles were measured to have a 
breaking strength of about 120 MPa. 

Comparative Example 1 

[0076] Thermal spray spherical particles having an average particle diameter of 50 pjn were prepared as in Example 
1 except that yttrium oxide having a Fisher diameter of 1.5 p.m was used. The particles were measured to have a 
breaking strength of about 2 MPa. 

[0077] Table 1 summarizes the type and Fisher diameter of the starting powder, the firing temperature, and the 
average particle diameter and breaking strength of thermal spray spherical particles in the foregoing Examples and 
Comparative Examples. 



Table 1 







Starting powder 


Firing 
temperature 


Spray particles 


Type 


Fisher 
diameter (^m) 


Average 
particle 
diameter (|im) 


Breaking 
strength (MPa) 


Example 


1 


yttrium oxide 


0.46 


1600 


50 


13 


2 


yttrium oxide 


0.28 


1600 


50 


160 


3 


yttrium oxide 


0.35 


1600 


49 


130 


4 


ytterbium oxide 


0.28 


1600 


50 


160 


5 


ytterbium oxide 


0.30 


1600 


50 


120 


Comparative 
Example 


1 


yttrium oxide 


1.5 


1600 


50 


2 



[0078] As seen from the results of Examples and Comparative Examples, spri^y spherical particles prepared using 
a starting oxide powder having a Fisher diameter of less than 0.6 yjn had a breaking strength of more than 10 MPa 
and sometimes (In Examples 2-5) more than 50 MPa. 

[0079] Using a plasma spraying torch, the spray particles obtained in Examples and Comparative Examples were 
sprayed to alumina ceramic substrates. When the spray particles having a breaking strength of more than 10 MPa In 
Examples were used, no fines resulting from rupture of particles developed during the spraying and good sprayed 
coatings were obtained. 

[0080] Since the themnal spray spherical particles in the first embodiment of the invention are fonned of rare earth 
oxide and have a breaking strength of at least 10 MPa and an average particle diameter of 10 to 80 ^im according to 
the present invention, they do not collapse into fines In the spraying flame or plasma. By spraying the partfcles, there 
is fonmed a satisfactory coating having no fines stuck to its surface. 

Example 6 

[0081] In 12 liters of deionized water was dissolved 15 g of polyvinyl alcohol (PVA). 8 kg of yttrium oxide having a 
Fisher diameter of 0.5 fim and containing less than 0.5 ppm of Fe203 was dispersed therein to form a slurry. Using a 
spray granulator, the sluny was spray dried to form spherical granules. The granulated powder was fired in air at 
1 ,600*»C for 2 hours, obtaining spherical particles for thermal spraying. 
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[0082] The spray particles obtained by the above procedure were measured for diameter using a laser diffraction 
particle size meter, finding a D90 of 45 \im. The particles had a bulk density of 1 .86 g/cm^, a specific surface area of 
0.6 m2/g as measured by the BET method, a cumulative volume of pores with a radius of up to 1 jim which was 0.1 8 
cm3/g, an average particle diameter DSO/Flsher diameter ratio of 2.25. and an aspect ratio of 1 .01 . Note that the 
- . 5 cumulative pore volume was measured by a mercury penetration auto-scanning porosimeter Model 33 by Yuasa Ionics 
K.K. 

[0083] The particles were measured for impurity concentration by ICP emission spectrometry after acidolysis, finding 
1 ppm of FogOa and 2 ppm of CaO. On atomic-absorption spectroscopy analysis, the particles contained 6 ppm of 
NagO and 70 ppm of carbon. 

10 [0084] Using an argon/hydrogen gas plasma, the particles were sprayed to an aluminum alloy substrate (No. 6061 
defined in JIS H4000) to fomn a coating of 1 90 jim thicic thereon. During the spraying step, the nozzle was not clogged 
at all. The coating was measured for surface roughness as an indicator of smoothness, finding a Rmax of 48 jim 
according to JIS B0601 . 

[0085] For examining the denseness, the sprayed coating was measured for relative density. After the spray coated 
15 substrate was dipped in dilute hydrochloric.acid, and the coating was stripped from the substrate, the relative density 
was measured by Archimedes method. A relative density of 92% was recorded. 

Example 7 

20 [0086] In 1 6 liters of delonized water was dissolved 1 5 g of cartDoxymethyl cellulose (CMC). 4 kg of ytterbium oxide 
having a Fisher diameter of 0.4 |xm and containing less than 0.5 ppm of FegOa was dispersed therein to form a slurry. 
Using a spray granulator, the slurry was spray dried to form spherical granules. The granulated powder was fired in 
air at 1 ,500*»C for 2 hours, obtaining spherical particles for thennal spraying. 

[0087] The spray particles obtained by the above procedure were measured for diameter using a laser diffraction 
25 particle size meter, finding a D90 of 36 ^im. The particles had a bulk density of 2.2 g/cm^, a BET specific surface area 
of 0.5 m2/g, a cumulative pore volume (pore radius < 1 of 0.04 cm^/g, a D50/Fisher diameter ratio of 2.05, and an 
aspect ratio of 1.02. 

[0088] The particles were measured for Impurity concentration by ICP emission spectrometry after acidolysis, finding 
1 ppm of FogOa and 3 ppm of CaO. Atomic-absorption spectroscopy showed a NaaO content of 4 ppm and a carbon 
30 concentration of 60 ppm. 

[0089]- Using an argon/hydrogen gas plasma, the particles were sprayed to an aluminum alloy substrate to fomri a 
coating of 21 0 jim thick thereon. During the spraying step, the nozzle was not clogged at all. The coating was measured 
for surface roughness, finding a Rmax of 39 jim. 

[0090] For examining the denseness, the sprayed coating was measured for relative density as in Example 6. A 
35 relative density of 90% was recorded. 

Example 8 

[0091 ] In 1 8 liters of delonized water was dissolved 30 g of polyethylene oxide (PEO). 2 kg of yttrium oxide having 
40 a Fisher diameter of 0.3 p,m and containing lisss than 0.5 ppm of Fe2P3 was dispersed therein to fomn a sluny. Using 
a spray granulator, the sluny was spray dried to fonn spherical granules. The granulated powder was fired in air at 
1 ,650'C for 2 hours, obtaining spherical particles for thermal spraying. 

[0092] The spray particles obtained by the above procedure were measured for diameter using a laser diffraction 
parttele size meter, finding a D90 of 28 ftm. The particles had a bulk density of 1 .6 g/cm^. a BET specific surface area 
45 of 0.7 m2/g, a cumulative pore volume (pore radius 5 1 jim) of 0.04 cm^/g. a D50/Fisher diameter ratio of 2.1 3, and an 
aspect ratio of 1.01 . 

[0093] The particles were measured for impurity concentration by ICP emission spectrometry after acidolysis, finding 
3 ppm of FbzOq and 3 ppm of CaO. Atomic-absorption spectroscopy showed a NagO content of 4 ppm and a carbon 
concentration of 60 ppm. 

so [0094] Using an argon/hydrogen gas plasma, the particles were vacuum sprayed to a silicon substrate to fomn a 
coating of 200 jim thick thereon. During the spraying step, the nozzle was not clogged at all. The coating was measured 
for surface roughness, finding a Rmax of 26 \im, 

[0095] For examining the denseness. the sprayed coating was measured for relative density as in Example 6. A 
relative density of 91% was recorded. 

55 

Example 9 

[0096] In 12 liters of delonized water was dissolved 15 g of polyvinyl alcohol (PVA). 8 kg of yttrium oxide having a 
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Fisher diameter of 0,6 urn and containing less than 0.5 ppm of FegOa was dispersed therein to form a slurry. Using a 
spray granulator, the slurry was spray dried to form spherical granules. The granulated powder was fired in air at 
1 .GOO^'C for 2 hours. After fines were removed by a classifier, there were obtained spherical particles for thermal spray- 
ing. 

' 5 [0097] The spray particles obtained by the above procedure were measured for diameter using a laser diffraction 
particle size meter, finding a D90 of 39 fim, a D10 of 23 ^im and a dispersion index of 0.25. The particles had an aspect 
ratio of 1 .02, a bulk density of 1.5 g/cm^, a cumulative pore volume (pore radius £ 1 \xm) of 0.19 cm^/g, and an angle 
of repose of 38'' . 

[0098] The particles were measured for Impurity concentration by ICP emission spectrometry after acldolysis, finding 
10 1 ppm of Fe203 and 2 ppm of CaO. Atomic-absorption spectroscopy showed a Na20 content of 5 ppm and a carbon 
concentration of 70 ppm. 

[0099] Using an argon/hydrogen gas plasma, the particles were sprayed to an aluminum alloy substrate to form a 
coating of 190 \um thick thereon. During the spraying step, the nozzle was not clogged at all. 

[0100] The surface of the sprayed component was observed under an electron microscope. In the photomicrograph, 
IS the number of sticking unmelted particles of a size of less than 5 pjii in a 100 \vm square area was counted, finding 5 
particles. 

Example 1 0 

so [0101] In 16 liters of deionized water was dissolved 15 g of polyethylene oxide (PEO). 4 kg of ytterbium oxide having 
a Fisher diameter of 0.4 ^um and containing less than 0.5 ppm of Fe203 was dispersed therein to form a slurry. Using 
a spray granulator, the slurry was spray dried to form spherical granules. The granulated powder was fired In air at 
1 ,500*'C for 2 hours. After fines were removed by a classifier, there were obtained spherical particles for thermal spray- 
ing. 

25 [0102] The spray particles obtained by the above procedure were measured for diameter using a laser diffraction 
particle size meter, finding a D90 of 37 \im, a D1 0 of 16 ^ and a dispersion index of 0.40. The particles had an aspect 
ratio of 1 .01 , a bulk density of 1 .8 g/cm^, a cumulative pore volume (pore radius ^ 1 \im) of 0.04 cm^/g, and an angle 
of repose of 40** . 

[01 03] The particles were measured for impurity concentration by ICP emission spectrometry after acidolysis, finding 
30 1 ppm of Fe203 and 3 ppm of CaO. Atomic-absorption spectroscopy showed a Na20 content of 4 ppm and a carbon 
concentration of 70 ppm. 

[0104] Using an argon/hydrogen gas plasma, the particles were sprayed to an aluminum alloy substrate to form a 
coating of 210 thick thereon. During the spraying step, the nozzle was not clogged at all. 

[0105] The surface of the sprayed component was observed under an electron microscope. The number of sticking 
35 unmelted particles of a size of less than 5 |jjn In a 100 \xm square area was 3. 

Example 1 1 

[0108] In 18 liters of deionized water was dissolved 15 g of methyl cellulose (MC). 2 kg of yttrium oxide having a 
40 Fisher diameter of 0.3 pm and containing less than 0,5 ppm of Fe203 was dispersed therein to fomri a slurry. Using a 
spray granulator, the slurry was spray dried to form spherical granules. The granulated powder was fired in air at 
1 ,500''C for 2 hours. After fines were removed by a classifier, there were obtained spherical particles for thermal spray- 
ing. 

[0107] The spray particles obtained by the above procedure were measured for diameter using a laser diffraction 
45 particle size meter, finding a D90 of 34 a D1 0 of 1 6 \irr\ and a dispersion index of 0.36. The particles had an aspect 
ratio of 1 .01 , a bulk density of 2.2 g/cm^, a cumulative pore volume (pore radius ^ 1 p.m) of 0.03 cm^/g, and an angle 
of repose of 42* . 

[01 08] The particles were measured for Impurity concentration by ICP emission spectrometry after acldolysis, finding 
3 ppm of Fe203 and 3 ppm of CaO. Atomic-absorption spectroscopy showed a Na20 content of 4 ppm and a carbon 
50 concentration of 50 ppm. 

[01 09] Using an argon/hydrogen gas plasma, the particles were sprayed to quartz substrate to fonm a coating of 200 
\im thick thereon. During the spraying step, the nozzle was not clogged at ail. 

[0110] The surface of the sprayed component was observed under an electron microscope. The number of sticking 
unmelted particles of a size of less than 5 p/n in a 1 00 pjn square area was 2. 

55 

Example 12 

[0111] In 18 liters of deionized water was dissolved 15 g of polyvinyl alcohol (PVA). 2 kg of yttrium aluminum garnet 
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having a Fisher diameter of 0.6 pm was dispersed therein to form a slurry. Using a granulator, granules were formed 
from the slurry. They were dried and fired in an electric furnace at 1 ,500*C for 2 hours. After fines were removed by a 
classifier, there were obtained spherical particles for themnal spraying. 

[0112] The spray particles obtained by the above procedure were measured for diameter using a laser diffraction 
5 particle size meter, finding a D90 of 36 pm, a D1 0 of 1 5 jim and a dispersion index of 0.41 . The particles had an aspect 
ratio of 1 .06, a bulk density of 1 .1 g/cm^, and a cumulative pore volume (pore radius < 1 pjn) of 0.3 cm^/g. 
[01 1 3] The particles were measured for impurity concentration by ICP emission spectrometry after acldolysis, finding 
4 ppm of Fe203 and 4 ppm of CaO. Atomic-absorption spectroscopy showed a NaaO content of 5 ppm and a carbon 
concentration of 65 ppm. 

10 [0114] Using an argon/hydrogen gas plasma, the particles were sprayed to an aluminum alloy substrate to form a 
coating of 203 pm thick thereon. During the spraying step, the nozzle was not clogged at all. 

[0115] The surface of the sprayed component was observed under an electron microscope. The number of sticking 
unmelted particles of a size of less than 5 pjn in a 100 pjn square area was 2. 

'5 Example 13 



[0116] In 1 8 liters of deionized water was dissolved 1 5 g of polyvinyl alcohol (PVA). 2 kg of ytterbium silicate having 
a Fisher diameter of 0.6 \ixn was dispersed therein to fonn a slurry. Using a granulator, granules were formed from the 
slurry. They were dried and fired in an electric furnace at 1 .500*»C for 2 hours. After fines were removed by a classifier, 
there were obtained spherical particles for themrial spraying. 

[0117] The spray particles obtained by the above procedure were measured for diameter using a laser diffraction 
particle size meter, finding a D90 of 33 pm, a D10 of 14 pm and a dispersion index of 0.40. The particles had an aspect 
ratio of 1 .1 , a bulk density of 1 .9 g/cm^, and a cumulative pore volume (pore radius ^ 1 pm) of 0.28 cm^/g. 
[01 1 8] The particles were measured for Impurity concentration by ICP emission spectrometry after acldolysis, finding 
3 ppm of Fe203 and 5 ppm of CaO. Atomic-absorption spectroscopy showed a Na20 content of 4 ppm and a carbon 
concentration of 72 ppm. 

[0119] Using an argon/hydrogen gas plasma, the particles were sprayed to an aluminum alloy substrate to form a 
coating of 194 pm thick thereon. During the spraying step, the nozzle was not clogged at all. 

[01 20] The surface of the sprayed component was obsen^ed under an electron microscope. The number of sticking 
unmelted particles of a size of less than 5 pm In a 100 \im square area was 3. 



Comparative Example 2 

[0121] In 12 liters of deionized water was dissolved 15 g of polyvinyl alcohol (PVA). 8 kg of yttrium oxide having a 
35 Fisher diameter of 1 .1 \im and containing less than 0.5 ppm of Fe203 was dispersed therein to fonn a slurry. Using a 
spray granulator, the slurry was spray dried to fonn spherical granules. They were fired in air at 1 ,600*C for 2 hours, 
obtaining spherical particles for thermal spraying. 

[0122] The spray particles obtained by the above procedure were measured for diameter using a laser diffraction 
particle size meter, finding a D90 of 1 06 p.m. The particles had a bulk density of 1 .1 g/cm^, a BET specific surface area 
40 of 1 .4 m2/g, a cumulative pore volume (pore radius S 1 jim) of 0.55 cm^/g, a D50/Fisher diameter ratio of 6.93, and an 
aspect ratk) of 1.1. 

[01 23] The particles were measured for impurity concentration by ICP emission spectrometry after acldolysis, finding 
3 ppm of FegOa and 2 ppm of CaO. Atomic-absorption spectroscopy showed a Na20 content of 5 ppm and a cartoon 
concentration of 80 ppm. 

45 [0124] Using an argon/hydrogen gas plasma, the particles were sprayed to an aluminum alloy substrate to fonm a 
coating of 1 95 jim thick thereon. During the spraying step, the nozzle was not clogged at all. The coating was measured 
for surface roughness, finding a Rmax of 88 p,m. 

[0125] For examining the denseness, the sprayed coating was measured for relative density as In Example 6. A 
relative density of 84% was recorded. 

50 

Comparative Example 3 



[01 26] Yttrium oxide having a Fisher diameter of 4 jim, 3 kg, was melted and solidified. This was followed by grinding 
and classification, obtaining spherical particles for themrrai spraying. 

[0127] The spray particles obtained by the above procedure were measured for diameter using a laser diffraction 
particle size meter, finding a D90 of 1 1 0 \xjm. The particles had a bulk density of 2.1 g/cm^. a BET specific surface area 
of 0.1 m2/g. a cumulative pore volume (pore radius S 1 )im) of up to 0.01 cm^/g, a D50/Fisher diameter ratio of 3.05, 
and an aspect ratio of 2.6. 
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[01 28] The particles were measured for impurity concentration by ICP emission spectrometry after acidolysis, finding 
55 ppm of FogOs and 40 ppm of CaO. Atomic-absorption spectroscopy showed a Na20 content of 1 0 ppm and a carbon 
concentration of 92 ppm. 

[0129] Using an argon/hydrogen gas plasma, the particles were sprayed to an aluminum alloy substrate to form a 
' . 5 coating of 1 90 pjn thicic thereon. During the spraying step, the nozzle was not clogged at all. The coating was measured 
for surface roughness, finding a Rmax of 94 \im. 

[0130] For examining the denseness, the sprayed coating was measured for relative density as in Example 6. A 
relative density of 91% was recorded. 

[0131] All the spray particles of rare earth -containing oxide obtained in Examples 6-8 have a D90 of up to 100 \xm 
10 in particle size distribution, a D50/Fisher diameter ratio of up to 5, a bullc density of at least 1 .0 g/cm^, a cumulative 

pore volume (pore radius < 1 \irn) of less than 0.5 cmVg, and a generally spherical shape with an aspect ratio of up to 

2. In addition, the impurity contents are low as demonstrated by a FegOs, CaO and NagO content of each up to 5 ppm. 

[0132] Using these particles, a sprayed coating of high purity is formed. The coating has a high density and a smooth 

surface and is strtppabie with difficulty. When the sprayed component Is used in semiconductor manufacturing process, 
15 the generation of dust from the sprayed component is minimized. The sprayed component is advantageously used in 

the application where a high purity Is required, for example, liquid crystal manufacturing equipment and semiconductor 

manufacturing equipment. 

[0133] The sprayed component has a smooth coating with a surface roughness of up to 60 fim and is useful as a 
corrosion resistant component for operation In a corrosive gas atmosphere such as halide gas plasma. 

20 [0134] The spray particles of rare earth-containing oxide obtained In Examples 9-13 enable precise metering despite 
their smaller particle diameter and have a cumulative pore volume (pore radius ^ 1. p.m) of less than 0.5 cm^/g, an 
aspect ratio of up to 2, a bulk density of at least 1 .0 g/cm^, and a particle size distribution with a D1 0 of at least 1 0 |xm, 
a D90 of up to 1 00 ^m, and a dispersion index of up to 0.6. In addition, they are highly pure in that the impurity contents 
are as low as a Fe203, CaO and Na20 content of each up to 5 ppm. 

25 [0135] Using these particles, a sprayed coating of high purity is formed. Since the number of sticl<ing unmelted 
particles with a size of less than 5 \im in a 100 \im square area is up to 10, the sprayed component, when used in 
semiconductor manufacturing process, minimizes the generation of dust therefrom. The sprayed component is advan- 
tageously used in the application where a high purity is required, for example, liquid crystal manufacturing equipment 
and semiconductor manufacturing equipment. 

30 [0136] The sprayed component has a smooth coating with a reduced surface roughness and is useful as a corrosion 
resistant component for operation in a corrosive gas atmosphere such as halide gas plasma. 

[0137] In contrast, the spray particles of Comparative Example 2 have a D90 as large as 106 p,m and a D50/Fisher 
diameter ratio of 6.93. As a result, a coating obtained by spraying the particles has a large surface roughness and fails 
to suppress dust generation in the semiconductor manufacturing process. 

35 [0138] The spray particles of Comparative Example 3 have a D50/Fisher diameter ratio as small as 3.05 and provide 
a coating having a high relative density. However, the iron group element, aH<ali metal element and all<aline earth metal 
element are present in the coating in the amounts corresponding to those in the spray particles. When the sprayed 
component is used In the semiconductor manufacturing process, these impurities can contaminate silicon wafers and 
become process disturbances. The sprayed component is unsuited In the semiconductor manufacturing equipment 

40 and similar application where a high purity is required. 

[0139] The sprayed component has a rough coating with a surface roughness of 69 \xm and allows dust to generate 
in the semiconductor manufacturing process, which dust undesirably causes to contaminate silicon wafers. 
[0140] The thenmal spray particles of rare earth-containing compound according to the second embodiment of the 
present invention have a bulk density of at least 1 .0 g/cm^, an aspect ratio of up to 2, a cumulative pore volume (pore 

45 radius < 1 p.m) of less than 0.5 cm^/g and a generally spherical shape. The particles are thus smoothly flowing and 
can be precisely fed at a constant rate to a spray nozzle without causing clogging. A coating obtained by spraying the 
particles is smooth and dense. 

[0141] Japanese Patent Application Nos. 2001-084725 and 2001-109182 are incorporated herein by reference. 
[0142] Reasonable modifications and variations are possible from the foregoing disclosure without departing from 
so either the spirit or scope of the present invention. 



Claims 

55 1 . Spherical particles for thermal spraying, consisting essentially of a rare earth(inclusive of yttrium)-containing com- 
pound and having a breaking strength of at least 10 MPa and an average particle diameter of 10 to 80 yum, 

2. Spherical particles for thermal spraying, consisting essentially of a rare earth(inclusive of yttrium)-containing com- 
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pound and having a bulk density of at least 1 .0 g/cm^, an aspect ratio of up to 2, and a cumulative volume of pores 
with a radius of up to 1 which Is less than 0.5 cm^/g. 

3. The spherical particles of claim 2 having a particle size distribution in which a particle diameter D90, D50 and D1 0 
5 corresponds to 90 vol%, 60 vol% and 10 vol% accumulation, respectively, wherein D90 is up to 100 and the 

ratio of D50 to a Fisher diameter Is up to 5. 

4. The spherical particles of claim 3 wherein D1 0 is at leasts jxm. and the particles have a dispersion index of up to 0,6. 

10 5. The spherical particles of claim 1 or 2 wherein said rare earth-containing compound is a rare earth oxide or rare 
earth compound oxide. 

6. The spherical particles of claim 5 wherein said rare earth-containing compound is yttrium oxide or yttertDium oxide. 

15 7. A thermal sprayed component comprising a substrate having a surface and a coating of the rare earth-containing 
compound particles of claim 1 thennally sprayed to the substrate surface. 

8. A thermal sprayed component comprising a substrate having a surface and a coating of the rare earth-containing 
compound particles of claim 2 thermally sprayed to the substrate surface. 

20 

9. A coating method comprising the thermal spraying of rare earth-containing particles according to any one of claims 
1 to 6, or according to any other definition herein, onto a substrate surface to fonm a coating thereon. 

10. A method of making particles suitable for themnal spraying and comprising rare earth compound, the method 
25 including granulating rare earth compound fines to fonm granules and firing the granules. 
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